Abstract. Compared with the traditional materials, carbon materials exhibit excellent physical, electrical, mechanical and chemical properties. Porous carbon is one of the structured carbon materials, with controlled large surface area, high surface activity, low density, superior chemicals, corrosion resistance and uniform pore features on micrometer and nanometer scales. It is explored as advanced material in lithium-ion batteries, Super capacitor, fuel cell, energy storage and conversion devices, and adsorption materials, because of its excellent property. The characterization methods were the traditional instruments, such as transmission electron microscopy, scanning electron microscopy, Raman spectrum, X-ray diffraction, X-ray photoelectron spectroscopy and infrared spectroscopy. This article demonstrated new method to character the porous carbon with coherent anti-stokes Raman microscopy.
Introduction
Structured porous carbon was widely investigated in lithium-ion batteries [1, 2] , Super capacitor [3, 4] , fuel cell [5, 6] , energy storage and conversion devices [7, 8] , and adsorption materials [9, 10] due to the excellent physical, electrical, mechanical and chemical properties.
In order to character the properties of porous, several traditional instruments were employed. Transmission electron microscopy was used to investigate the surface and inside structure of porous carbon on a nanometer scale [11] ; Scanning electron microscopy was used to investigate the surface morphology of porous carbon on a micrometer and nanometer scale [12] ; Raman spectrum was used to investigate the molecular structure of porous carbon [13] ; X-ray diffraction, X-ray photoelectron spectroscopy and infrared spectroscopy were used to investigate the phase, crystallinity and material structure [14] [15] .
Coherent anti-Stokes Raman scattering spectroscopy (CARS) is one of Raman spectrum used widely in chemistry, biology, physics and material science. The same as Raman spectroscopy, It is used to study the vibrational signatures of molecules. Different from Raman spectroscopy, a coherent signal from molecular vibrations was product by multiple photons.
Materials and Methods

Instrument
CARS image was obtained with a Laser Scanning Microscopes FV1200MPE (Olympus, Japan). A femtosecond second laser was used as incident light with Mai Tai Deepsee (Spectra-Physics, USA). Raman spectrum was obtained with a Renishaw inVia Raman microscope spectrometer (Gloucestershire, UK) at room temperature. Spectra were collected over the range of 500-2000 cm-1, and the resolution of all spectra was 1 cm -1 . A He-Ne laser was used as incident light with 70 mW at 532 nm. Raman signal was collected at the backscattered side with a 50×0.55 NA objective lens (Nikon Inc., Tokyo, Japan).
Sample Preparation
The carbon material which has been used in the study is porous carbon supplied by the 6carbon Company (Shenzhen, China).
Methods
Classically, the energy of incident light photons will shift up or down, due to the incident light interaction with molecular vibrations, phonons, or other excitation. It is named anti-stokes shift when the photon energy shifted up; On the contrary, it is named stokes shift. The information about the vibrational modes of the molecular is obtained from the energy shift. In CARS, this energy shift (ω anti-stokes ) is not given by a single incident light, but by two difference frequency incident light (ω pump -ω stokes ) instead (refer with: Fig. 1 and Fig. 2 ) with specific time and space. When the three pulses overlap in space and time on the sample, it is stimulated with four wave-mixing processes. The ω anti-stokes is:
ω anti-stokes =2ω pump -ω stokes (1) The optical path of the CARS microscope is shown in Fig. 2 . Both of the incident lights are come from a femtosecond laser. Then it separates to two beams. One generates the Stokes light and another one passed through the time-delay line as pump light. They become collinearly-overlapped pump and Stokes beams by a dichroic mirror. Beams focus on the sample by an objective with a microscope. The backward CARS signal is collected by the same objective and the CARS signal and the incident beams are separated by a dichroic mirror. At the end, the CARS signal is detected by PMT using bandpass filter. The CARS image (800×800 pixels) from the sample can be obtained in 4s with the laser-scanning CARS system. 
Results and Discussion
Raman data shows the uniform spectra from different regions of the sample due to good coincident sample (refer with: Fig. 3 ) in the range 1000-3000 cm-1. The D-band is at 1365 cm-1, the G-band is at 1587 cm-1 and 2D-band is at cm-1 for activated carbons. The spectral region D-band and G-band overlapped and the intensity of 2D-band is lower than G-band due to the multilayer graphene structure. The bright-field microscope image of the as-grown graphene film on the surface of nickel foam was shown in Figure 4a . D-band CARS image was obtained by CARS microscope. From the intensity of CARS image, the structure of porous carbon is obtained as same as the bright-field microscope image. The intensity of CARS signal is related with the angle between the incident light and the surface of porous carbon. The hollow structure of porous carbon also can be observed in the 3D-CARS image. 
Summary
Microscope Raman spectrum and CARS microscope system were demonstrated and used to image and analysis the structure of the porous carbon. The multilayer structure of porous carbon was investigated by the Raman spectrum. The inside hollow structure of porous and the G-band intensity distribution were obtained by CARS system.
